Background: Spinal pain is an important health issue for adolescents resulting in functional limitations for many and increasing the risk of spinal pain in adulthood. Whilst human and animal studies suggest nutrition could influence spinal pain, this has not been investigated in adolescents. The objective of this exploratory cross sectional study was to evaluate associations between diet and adolescent spinal pain. Methods: This study surveyed the spinal pain (neck and back) and nutrition (specific nutrients, broad food groups, diet quality and dietary pattern) of 1424 male and female adolescents at 14 years of age, in Western Australia. Results: Back or neck pain were experienced by around half of the adolescents, with females more likely to experience spinal pain. Nutrition differed between sexes and deviated from optimal intakes. Vitamin B12, eggs, cereals and meat consumption were related to spinal pain in sex specific multivariate analyses including primary carer education level and adolescent waist girth and smoking. Conclusions: The findings of this study suggest that certain aspects of diet may have an association with spinal pain in adolescence.
Background
Spinal pain is a serious problem for adolescents, with over half having experienced some form of back or neck pain by mid adolescence [1, 2] and a third experiencing a reduction in function [3] . Adolescent spinal pain also appears to be a precursor to adult spinal pain [4] [5] [6] , which has well-documented personal and societal costs [7] . Identification of contributing factors is therefore warranted.
Adolescent spinal pain has been shown to relate to physical factors such as obesity [8] , psychosocial factors such as emotional problems [9] and lifestyle factors. Aspects of lifestyle such as very high or very low activity [10] or excessive computer use [11] have been shown to relate to adolescent spinal pain in cross-sectional studies. Moreover two longitudinal studies have shown links between adolescent spinal pain and aspects of lifestyle such as employment [12, 13] and smoking [12] . However, another potentially important lifestyle factor, nutrition, has only been sparingly investigated. In the only studies to our knowledge concerning adolescent spinal pain and nutrition, Ghandour et al. [14] reported that back pain was related to high caffeine intake in adolescent girls, and Molcho et al. [15] documented that adolescents who reported going to bed hungry because there was insufficient food in the house were more likely to have back pain, even after adjustment for parental social class. Despite the dearth of information, it is likely that nutrition is an important factor relating to musculoskeletal health for adolescents, as healthy growth and development is nutrition dependent [16, 17] .
Furthermore, a possible link in adolescents is suggested by some adult evidence. Certain dietary patterns have been shown to reduce general pain sensitivity in adults, specifically greater intakes of sucrose [15] [16] [17] [18] [19] and omega 3 fatty acids [19] , and lower intakes of saturated fats [19] . High post-prandial blood sucrose [20] and lipid concentrations [21] have also been linked to higher levels of proinflammatory factors. Conversely higher intakes of omega 3 fatty acids [22] are linked to lower levels of such factors, and it has been suggested that fruit and vegetables may reduce inflammatory processes through an anti-oxidant effect [23] . Although such influences on inflammation are likely to be short-term in themselves, effects are likely to be continuous, as food intake is repeated [23] .
There is evidence that adolescent diets deviate further from recommended dietary guidelines than adult diets [24] and so nutritional effects on spinal pain may possibly be more common in adolescents. Contemporary adolescent diet in the western world is below recommended standards, with high intakes of sugar [25, 26] and fat [25] , low intakes of fibre [25, 27] and a steady reduction in fruit and vegetable consumption throughout adolescence [28] .
Altogether these findings suggest that there may be links between spinal pain and nutrition in adolescents. Given the lack of prior research in this area, our study aims to be exploratory in nature, and to investigate the links between a range of nutritional and dietary factors and adolescent spinal pain. Based on the limited prior evidence, the first hypothesis was that low or high consumption of specific nutrients or food groups may be associated with spinal pain. As individual nutrients or foods may have a very small impact, our second hypothesis was that adolescents with spinal pain will have a poorer quality diet and dietary pattern.
Methods

Design
This was a cross-sectional exploratory study conducted in Western Australia.
Participants
Data from 1424 adolescents (696 girls, 728 boys) of mean (SD) height 1.64 (0.08) m, weight 57.6 (13.1) kg and age 14.06 (0.20) yrs were collected as part of their participation in the Western Australian Pregnancy Cohort 'Raine' Study http://www.rainestudy.org.au. There were 2337 adolescents eligible for the 14 year follow-up, of which 1704 (72.9%) consented to some aspect of the follow-up and 1424 (60.9%) completed the data collection requirements for the analysis reported in this paper. The initial cohort over-represented socially disadvantaged groups and there has been greater attrition in these groups so the remaining participants more closely match the Australian adolescent population [29, 30] . Informed consent to participate in the 14 year follow-up was obtained from the primary carer. The study was approved by the Human Research Ethics Committees of Curtin University of Technology and Princess Margaret Hospital.
Procedure
Nutritional data
At around the time of the adolescent's 14 th birthday a food frequency questionnaire (FFQ) was sent to the participants' homes by post for completion by the adolescent's carer in association with the study adolescent in order to assess the usual dietary intake of each adolescent. The FFQ is a semi-quantitative assessment developed by the Commonwealth Scientific and Industrial Research Organisation (CSIRO) in Australia [31] . The FFQ asks about the usual frequency of consumption of 212 food and beverage items, excluding alcohol, and how their usual serve (portion) compared to a standard serve size given in household measurements (spoons, cups, slices, etc). The questionnaires were returned in a prepaid envelope and checked by a research nurse and missing or unclear responses were clarified when the adolescent attended their physical assessment. The CSIRO entered and verified the FFQs and provided estimates of daily intakes of foods and nutrients using Australian food composition data. This FFQ has been validated [32, 33] and shown to correctly rank a reasonable proportion of most nutrient intakes when compared to a 3-day food record in this adolescent cohort [34] .
Spinal pain data
Each adolescent was invited to a research centre to complete a questionnaire on a variety of developmental and health issues, some of which are reported in this paper. Spinal pain questions were: Has your back been painful in the last month? ('yes' or 'no'), and Has your neck/shoulder been painful in the last month? ('yes' or 'no'), The spinal pain questions were based on prior questions with demonstrated test-retest reliability and validity in comparison to clinical interview [8, 35, 36] .
Potential confounding variables
Because poor diet may relate to lower socioeconomic status in adolescence [37, 38] , which may in turn be related to subsequent spinal pain [39] , this study also considered primary carer highest educational levels. As smoking [40] and activity [41] may also relate to both diet and spinal pain, they were also evaluated in analyses. Body fatness has been associated with back pain in adolescents [1, 42] and was assessed by waist girth. Males and females were considered separately as both diet [43, 44] and spinal pain [1, 45] may differ between genders.
Data management
As this was an exploratory study and prior literature had suggested possible links between spinal pain and specific nutrients, particular food groups and diet quality, the nutrition data were characterized in four ways.
a. Specific nutrients
The FFQ raw data were used by CSIRO to derive estimates of the intakes of specific nutrients. The nutrient content of consumed food was estimated from Australian nutrient databases [46, 47] , British food tables [48] , and US Dept of Agriculture food tables [49] . An estimate of total energy intake was also derived.
b. Broad Food Groups
The FFQ was also processed by CSIRO to provide estimates of the intake of 212 foods which we combined into 16 food groups. Estimated consumption of these food groups was reported as grams per day.
c. Diet Quality scores
Five major food groups (cereal, vegetables, fruit, dairy products, meat and meat alternatives), six macronutrients (total fat, saturated fat, protein, fibre, iron, calcium) and 'extras' (which were sweet and salty snack foods including confectionery, biscuits and crisps) were further analysed by creating diet quality categories: 'least optimal', 'semi-optimal' and 'optimal' based on recommended serves of these food groups [50] .
d. Dietary Pattern
To further characterize the type of diet a factor analysis of the food groups was also carried out [51] . Two main dietary types were found; a 'healthy' dietary pattern characterised by high loadings for fresh fruit, vegetables, wholegrains, legumes and fish (grilled, steamed or tinned only); and a 'western' dietary pattern loaded highly for take-away foods, red meat, processed meat, refined grains, hot chips, soft drinks, confectionery, cakes and biscuits, and high fat dairy products. Each adolescent received a z-score for both dietary patterns.
Data analysis
Gender differences were analysed using independent t tests for each of the continuous variables, and Chi squared tests for the categorical variables. The continuous nutritional variables of specific nutrients and broad food groups were banded into the bottom 25%, interquartile range and top 25%. The diet quality variables were already in categories ('least optimal', 'semi-optimal' and 'optimal'). The continuous z scores for the two dietary patterns ('western' and 'healthy') were banded into four quartiles. The use of category bands allowed the analysis to detect non-linear relationships, for example where both high and low intakes of a food group was associated with spinal pain. Simple linear analysis would miss such an association.
Univariate logistic regression models predicting back or neck/shoulder pain during the past month for each gender from each nutrition characteristic were calculated, with statistical significance set at p < 0.05.
Forward stepwise likelihood ratio multivariate logistic regression models were used to evaluate the combined associations of nutritional factors, with the probability for entry and removal of covariates based on the likelihood ratio score statistic being p = 0.05 and 0.10 respectively. These criteria for inclusion/exclusion were set to balance false positive and false negative findings. The multivariate analyses of associations between spinal pain and nutrition were performed on specific nutrients and broad food categories. No multivariate analysis level was performed for diet quality categories or dietary patterns, as none were significant on univariate testing. Separate models were used for each of these levels, as well as for both genders. For each level, waist girth, primary carer education level, and adolescent smoking in past 12 months, were included in an initial step, with the banded nutritional variables from that analysis level that were significant in univariate testing included in a second step. Adolescent TV viewing and level of exercise outside school hours were unrelated to spinal pain, and thus were not included as potential confounders in multivariate analysis. All statistical analysis was performed using SPSS version 13.
Ethics
This study was conducted according to the guidelines laid down in the Declaration of Helsinki and all procedures involving human subjects were approved by the Human Research Ethics Committees of Curtin University of Technology and Princess Margaret Hospital, Perth, Australia. Written, informed consent was obtained from all subjects.
Results
Spinal pain
Back or neck pain were experienced by a substantial portion of adolescents. 27.8% of adolescents reported back pain in the past month. Females (30%) had a trend (χ2 = 3.26, p = 0.071) for a slightly higher back pain prevalence than males (25.7%). Similarly, 28.7% of adolescents reported neck pain in the past month. Females had a greater (χ2 = 17.72, p < 0.001.) prevalence (33.9%) than males (23.8%). The gender differences in spinal pain were independent of levels of dietary factors. For example, the female gender was significantly associated with neck pain, with similar odds ratios before (OR 1.7, 95%CI: 1.4 to 2.2) and after (OR 1.6, 95%CI 1.3 to 2.1) adjustment for western diet type.
Nutrition
Nutritional intakes were significantly different for males and females in the majority of specific nutrients and broad food groups (tables 1 and 2). Males tended to have a greater intake of nutrients and broad food groups, although females had a greater intake of vegetable products, soups and confectionary bars (table 2). The quality of nutrition, as measured by diet quality scores, also tended to differ across genders, with fewer females having an 'optimal' or 'semi-optimal' intake of cereals, dairy products, and calcium, and less males having an 'optimal' intake of fibre (table 3) . Although significantly fewer females than males had optimal levels of iron and meat, this was a small difference (table 3) . Fewer than half of adolescents had an 'optimal' intake of cereal, vegetables, (table 3) . This poor quality diet was more apparent in males, as shown by males having a significantly higher factor score for the 'western' dietary pattern (table 4) .
Nutrition and Spinal Pain
In univariate analysis only a few dietary variables were associated with spinal pain. In females, a reduced risk of back pain was associated with high intakes of some nutritional elements (meat, sodium, copper, carotene and vitamin B6) and with low intakes of others (vitamin E, polyunsaturated fat and omega 6 fatty acids). Similarly for females there was a reduced risk of neck/shoulder pain associated with high (fruits and meat) and low intakes (vitamin B12 and 5n3 DPAs). In males, a reduced risk of back pain was associated with high intakes (fruits) and low intakes of some nutritional elements (iron and nicotinic acid reduced risk of neck/shoulder pain was associated with highest intakes of egg products and sugar products, whilst an increased risk was associated with lowest intakes of cereals, retinol, vitamin D, vitamin B12, and omega 6 fatty acids. None of the other nutrition variables showed significant associations with back or neck/shoulder pain. After multivariate analysis at the different levels of nutrition characterization there were only a few associations found with back and neck pain (table 5) and these varied across pain location and gender.
Discussion
This study confirms that spinal pain is clearly a significant problem for adolescents, concurring with previous findings [1, 2] , and underlining the importance of research into possible risk factors.
Whilst the majority of our sample had more than adequate intakes of meat, protein and iron, there were significant numbers of adolescents failing to have sufficient intakes of cereals, fruit, dairy products, vegetables, fibre or calcium, and almost all had excessive consumption of saturated fats and snack foods. These findings are similar to those recently observed in other Australian adolescents [52] .
In terms of associations between spinal pain and specific nutrients and food groups -vitamin B12, egg, cereal and meat consumption were related to spinal pain. For females low egg consumption and high meat consumption were related to a reduced risk of back and neck pain respectively. A low intake of vitamin B12 was related to an increased risk of neck pain in females. For males both low and high consumption of cereals were related to increased risk of neck pain. This study cannot identify specific mechanisms for the effect of nutrition on adolescent spinal pain, but previous adult and animal literature suggests several possibilities including effects on pain sensitivity [19] and inflammation [23] which could partially explain our findings.
A noticeable feature of the specific nutrient and food group relationships with spinal pain was the lack of any consistency across pain locations, or genders. This may reflect real differences; for example, some types of neck and back pain may have differing mechanisms [53] , and males and females may have different pain mechanisms [54] . In addition, the lack of consistency probably reflects the fact that any individual nutrient, in contrast to a dietary pattern, may usually only contribute minimally to any effects on spinal pain. These results thus provide weak support for our first study hypothesis that specific nutrients or food groups are related to adolescent spinal pain. In terms of associations between spinal pain and diet quality and dietary pattern, there were no significant univariate results. These results therefore do not support our second hypothesis that diet quality and dietary pattern are related to adolescent back pain.
The lack of further significant findings was not due to an under-powered study as the majority of the significant relationships detected were weak. Furthermore, the weak individual nutrient relationships were not due to lack of consideration of curvilinear relationships as we analysed for both high and low consumption. They were also not due to a lack of adequate characterization of diet (considered at 4 levels -specific nutrients, good groups, diet quality and dietary pattern), lack of consideration of different gender relationships, or a lack of adjustment for confounding by physical activity, smoking, body fatness and socioeconomic status, as all these were considered in the study design. The weak evidence for relationships between diet and spinal pain may have been due to our characterization of spinal pain. We did not specify the area of back pain with a diagram for participants. However we had similar findings when we repeated the analyses using self-reported back and neck pain ever and chronic back and neck pain (lasting more than 3 months) and additionally when using a parental report of health professional diagnosed back or neck pain (data not shown). Our relatively stringent multivariate inclusion/ exclusion criteria may also have meant our analysis missed some weaker nutrition relationships. One further possible cause of the weak relationships may have been a failure to distinguish between sub-groups of spinal pain with different aetiologies.
Whilst our findings suggest that diet in adolescence may be related to spinal pain, the cross-sectional nature of the findings does not allow causality to be assumed. Further longitudinal studies should be undertaken to examine causality. If diet is shown to contribute to spinal pain, then the burden of adolescent spinal pain may be lessened by greater and more successful attempts to improve nutrition in adolescents. Furthermore, because adolescent spinal pain is a risk factor for spinal pain, improvements in adolescent diet may have beneficial effects into adulthood, reducing the overall burden of spinal pain on society.
Conclusions
This study found that many Western Australian adolescents had non-optimal diets. The findings of this exploratory study suggest that certain aspects of diet (Vitamin B12, eggs, cereals and meat) may have an association with spinal pain in adolescence. These results provide important initial evidence that diet and adolescent spinal pain The nutrition variables are categorised into lowest 25%, interquartile range, and highest 25% Footnote: Forward stepwise likelihood ratio multivariate logistic regression models adjusting for waist girth, primary carer education level and adolescent smoking in past 12 months may be associated, but further work is needed to explore potential relationships and mechanisms.
